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[57] 



ABSTRACT 



Apparatus for diagnosis of a skin disease site using spectral 
analysis includes a hght source for generating light to 
illuminate the disease site and a probe unit optically con- 
nected to the light source for exposing the disease site to 
light to generate fluorescence and reflectance light. The 
probe unit also collects the generated fluorescence and 
reflectance light and transmits this light to a spectrometer to 
be analyzed. The spectrometer generates and displays spec- 
tral measurements of the fluorescence light and the reflec- 
tance light which in together assist the user in diagnosing the 
disease site. The apparatus makes use of a conventional 
personal computer using a plug-in spectrometer card to 
provide a compact and low costs system. The system per- 
forms combined fluorescence and reflectance spectral analy- 
sis in a quick and efiGcient manner to provide a powerful tool 
for dermatologic diagnosis. 

21 Claims, 17 Drawing Sheets 
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APPARATUS AND METHODS RELATING TO both within and beyond the visible spectrum, and that can 

OPTICAL SYSTEMS FOR DIAGNOSIS OF use fluorescence, reflectance and/or Raman scattering to 

SKIN DISEIASES identify, and distinguish between, a variety of skin diseases. 

The present invention provides these and other related 
CROSS-REFERENCE TO RELATED 5 advantages. 



APPLICAnON 



SUMMARY OF THE INVENTION 



This application is a continuation-in-part of U.S. patent 
application No. 08/843,605, filed Apr. 16, 1997, now U.S. The apparatus and methods of the present invention use 
Pat. No. 6,008,889. spectral measurements of fluorescence light, reflectance 



light, and/or Raman scattering from a disease site to aid in 
TECHNICAL FIELD OF THE INVENTION the medical assessment of skin conditions and the diagnosis 

of cutaneous diseases. The apparatus and methods can, if 
This mvention relates to apparatus and methods for assist- desired, be used in a normally ht room, and can distinguish 
ing in diagnosis ofskin diseases by making measurements of between a variety of skin diseases, including aclinic 
fluorescence light and/or reflectance light and/or Raman 15 kerafosis, basal ceU carcinoma, seborrheic keratosis, corn- 
scattering from the skin disease sites. ^^^^^^ ^^^^ gp^^^ angioma, psoriasis a nd squamous cell 



BACKGROUND OF THE INVENTION 



carcinoma. 



Thus, in one aspect the present invention provides appa- 

Currently, clinical diagnosis of skin disease is generally ratus able to diagnose a disease selected from the group 

accomplished by visual inspection under white light illumi- consisting of actinic keratosis, seborrheic keratosis, basal 

nation. In this process, the reflectance light of a skin lesion cell carcinoma and compound nevus at a skin disease site 

is examined. Visual diagnosis alone may not be particularly using spectral analysis comprising: a lig*^ j^ rmrry -£g»i» - g r rra 

accurate for early detection ofskin cancer since many skin erating light to illuminate the disease^ site; a probe means 

conditions have a similar appearance under white light. optically^connected to the light source to^expose the disease 

Therefore, when a suspect lesion is identified by visual site to light to generate fluore scence and reflectance ligh t; 

examination, a biopsy is often performed for a definitive se ectral analysis means opfically^ C9jm6€ted''tiOrtiic^dbe 

diagnosis. This is because it is crucial to diagnose skin means fqr ^^rating a nd displayin^pectral measureme nts 

pre-cancer or cancer at an early stage when it is curable. of the fluorescence hgfli and tbe re^ectance light to assist.the 

Thus, it is important to improve the clinical diagnosis of uSeHYr-dtasnQsing^the_disease site:-.an d->a-phl^^ o f 

suspected skin lesions so as to avoid unnecessary skin comparison spectra corresponding to. and able to distinguish 

biopsies. between, each of actinic keratosis , seborrheic keratosis. 

Several approaches have been tried to improve dermato- basal cell carcinoma and compound nevus. Further 

logic diagnosis. Digital processing of reflectance images has preferably, in this and other aspects of the invention, the 
been extensively investigated recently. Although reflectance 35 apparatus is also able to idcntifiably detect and diagnose 

imaging has led to improvements in the registration, spider angioma, psoriasis Tnd/or squamous cell carcinoma. 

recording, and documentation of skin lesions, there has been Also preferably, the apparatus is able to distinguish such 

little improvement in the diagnostic accuracy. The foregoing diseases from actinic keratosis, seborrheic keratosis, basal 

approach does not provide any additional data to the phy- cell carcinoma and compound nevus, and is further prefer- 

siciao making the visual assessment because it is still based ably able to distinguish all such diseases one from another, 

on the reflectance pattern of a lesion under white light In a preferred embodiment for this and other aspects of the 

illumination which is essentially the same pattern a human invention, the light source comprises an excitation laser light 

observer sees. source or other narrow band hght source and a white light 

An alternative approach is ultraviolet (UV) or infrared source, further preferably the excitation light source is a 
(IR) photography which does extend visual perception of a 45 Helium-Cadmium laser and the white light source is a quartz 

physician to the U V or IR reflectance patterns. However, the tungsten halogen lamp. 

inconvenience due to delays in processing of film images In another preferred embodiment, the apparatus further 
renders this technique impractical for everyday use. comprises a shutter system to switch between the excitation 
A further alternative approach that is already in wide- light source and the white light source such that the disease 
spread medical use involves a "Wood's lamp," which con- 50 site is illuminated sequentially by one of the light sources at 
sists of a mercury discharge lamp associated with a filter that a time, and a computer control means to control the shutter 
transmits UVA light with a 365 nanometer peak while system by switching between light sources and to control the 
absorbing visible light. When this device is used to assist in spe ctral analysis m eanS-in-Qid&iLio_acflim:fc srw,ctrn\ mp . a - 
skin diagnosis, the eye serves as both the detector and the surcments of the fluorescence _and-reflectanceJlight. The 
long pass filter. The eye is not sensitive to UV light, but is 55 'computer control means preferably comprises a personal 
sensitive to visible fluorescence light when the "Wood's computer and the spectral analysis means preferably corn- 
lamp" is used in a darkened room, where the physician sees prises a computer interface card installable in an interface 
an image of a fluorescing disease site. The "Wood's lamp" slot of the computer to function as a spectrometer, which 
is useful for the diagnosis of some skin conditions such as computer interface card preferably includes a miniature 
tinea capitis, tinea versicolor, erythrasma, and some 60 monochromator, a CCD linear array detector, means for 
pseudomonas infections, as well as aiding in the detection optically connecting to the probe means, and data acquisi- 
and diagnosis of hypopigmented skin. It is of no value in tion and controUing circuitry, 

conditions where the emitted fluorescence is not in the The apparatus also preferably includes a hght filter 

visible spectrum because the human eye cannot detect such selected to pass fluorescence light and block reflected exci- 
fluorescence. It is also incapable of detecting Raman scat- 65 tation light, and the light source is preferably optically 

tering. Thus, there has gone unmet a need for apparatus and connected to the probe means and the probe means is 

methods that are able to detect and analyze fluorescence optically connected to the spectral analysis means by optical 
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fiber bundles, further preferably including an optical coupler with a minimum at about 600 nm, then determining that the 
for connecting the white light source and the excitation light disease is spider angioma. If the fluorescence spectrum 
source to deliver light via the same optical fiber bundle. Still comprises a peak at about 630 nm-640 nm, then determining 
further preferably, the optical coupler comprises: an enclo- that the disease is psoriasis. If the fluorescence intensity is 

sure housing, an angled reflecting surface having an aper- 5 lower in some locations in the lesion and higher than normal 
ture; a laser light port in the enclosure aligned with the other locations in the lesion, then determining that the 
aperture to permit passage of laser light directly through the disease is squamous cell carcinoma, 
angled reflecting surface, the laser light port being optically ^ preferred embodiment, the steps of illuminating the 

connectable to a laser light source; a light exit port from the disease site and collecting g^nerM^g ^t \n:;^:iU^n^er^.^ 
enclosure aligned with the laser light port and the aperture tially illuminadn£J be_site with^'^^^St^^ and -collecting 
through the angled reflecting surface, the light exit port r^cctance light^thcn illuminatinp th r^jtryithTS^, 
being optically connectable to the probe means; and, a white tion Ught and collecting fluoresce.nre 1i>ht nr vice ve^- ^a 
light port in the enclosure positioned with respect to the preferably, the methods include filtering the collected 

angled reflecting surface such that white light is reflected fluorescence Ught to filter out the excitation light, and a 

through an angle to be mcident upon the light exit port, the 15 spectrometer card mounted in a personal computer is used to 
white light opening being optically connectable to the white ^^^^^^^ ^ ^^^^^^^ ^^^^^^^ ^f the generated fluorescence and 
light source. reflected light and display spectral measurements. 

In still another preferred embodiment, the probe means ^^^^^^ prcicrzcd embodiment, the step of collecting 

comprises an elongate member havmg an open end defimng generated fluorescence and reflectance light involves 

a chamber with opaque walls that is positionable over the 20 collecting light from the disease site and the surrounding 
disease site to exclude external light from the chamber, the ^^^^^j ^^^^^^^ preferably, the step of examining the 
chamber being connected to the opUcal fiber bundles for ^^^j measurements involves comparing the disease site 

receivmg hght frona the light sources and transmitting ^^^^^ surrounding normal skin, 

fluorescence light and reflectance light to the spectral analy- ^^^^^^ preferably comparing the intensities of the autofluo- 

sis means. Preferably, the elongate member comprises: a 25 ^escence spectra of the disease site and the surrounding 
generally cybndrical member housing the optical fiber normal skin 

bundles that extend to a distal end of the cylindrical member, 1 * it .u p a u a- * .u * f ^ 
, , u *u . » 1 .u 11 In still another preferred embodiment, the step of exam- 

and a sleeve member that telescopes over the generally . . .1 . ■ 1 • .u 

cylindrical housing, the overlap of the sleeve member with the spectral measurements involves comparing he 

the distal end of the cylindrical member defining the cham- 30 reflectance spertra of the disease site and the 

u u u i j ut * 1 u ♦u surroundmg normal skin and/or generating a ratio spectrum 

ber whereby slidable movement of the sleeve member with . ... ®. ,. . ^ u ^iT . 

respect to the cylindrical member adjusts the length of the ''^•f f ^ ^ "P""""" 

chamber to vary the size of the illumination spot at the ^ ' - . . , 

disease site. Also preferably, the sleeve member is formed 1° aspects and embodiments of the invention, the 

with a window for viewing inside the chamber to ensure 35 comparison spectra are stored m a computer and the steps of 
proper positioning of the chamber over the disease site and comparing the various spectra or other responses are per- 
a slidable cover to seal the window when the apparatus is in formed by a computer. 

use, and the free end of the sleeve member is cut at In still yet another aspect, the present invention provides 
substantially 45 degrees to the longitudinal axis of the sleeve systems able to diagnose a disease selected from the group 

to avoid specular reflection. 40 consisting of actinic keratosis, seborrheic keratosis, basal 
Jn another as pect, the p^5;eqt invention provides metho ds cell carcinoma and compound nevus at a skin disease site 
for diagnosis of a disease selected from the group consisting ^iog spectral analysis comprising: a light source for gen- 
of actinic keratosis, seborrheic keratosis, basal cell ^rating light to illuminate the disease site; an optical probe 
carcinoma, compound nevus and spider angioma at a skin optically connected to the light source to expose the disease 

disease site using spectral analysis comprising the steps of: 45 site to light to generate fluorescence and reflectance light; a 
niim^jnMina t^p- Hi%:p.^^ wit|| « li ^ht ^nrrP tn ^ e.ne.r:^te. spcctral aualyzcr Optically connected to the optical probe for 
fluorescence and reflectance li g ht at th^ discase_&ite LCol- generatmg and displaying spectral measurements of the 
lecting the generatcdjuorescence^and^rc flectance litrhU fluorescence light and the reflectance light to assist the user 

^conducting T ^pecTral analysis of the collected light using a ^ diagnosing the disease site; and a..piunflit^ comparison 

spectrometer, determinin g^spectraUmeasur.em ents of the 50 spectra corresponding to, and able to distinguish between, 
fluorescen<^"llght and the r eflectance light; andT ^x^^iSimSi' each of actinic keratosis, seborrheic keratosis, basal cell 

Jme-sp eaidl tpcasurememriog^ to make rBtagnSSirof carcinoma and compound nevus. 

^e disease site, wherein the ste p^oLfcxam iping comprise s In stiU a further aspect, the present invention provides 
comparing the spectra l mRa5;ur £rrmrU5;^th Vnnwn spectra^ Optical probes able to in duce at le ast one of fluorescence 

gieasurements . If the reflectance curve slope is similar to 55 light, reflectance^ lifiht_a nd^RamaD scattering in vivo in a 

l^Snal anTthe fluorescence intensity is higher than normal, target tissu^T^Be'optical probe comprising a proximal end, a 
then determining that the disease is actinic keratosis. If the distal end, at least one light emitting diode disposed at the 
reflectance curve slope is similar to normal and the fluores- distal end of the optical probe and operatively connected to 
ccncc intensity is lower than normal, then determining that a power source able to provide power to' the light emitting 

the disease is basal cell carcinoma. If the reflectance curve 60 diode such that the light emitting diode can emit excitation 
slope is larger than normal and the fluorescence intensity is light able to induce at least one of fluorescence light, 
higher than normal," then detenmining that the disease is reflectance light and Raman scattering in the target tissue, 
seborrheic keratosis. If the reflectance curve slope is larger and at least one collection fiber that transmits light from the 
than normal and the fluorescence intensity is lower than distal end of the optical probe to the proximal end of the 

normal, then determining that the disease is compound 65 optical probe. 

nevus. If the fluorescence intensity is lower than normal and Preferably, the coUection fiber is operatively connected to 
the reflectance ratio spectrum comprises a saw-tooth shape a spectrometer able to analyze the spectra transmitted by the 
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collection fiber, which spectrometer is operatively coo- a light source for generating light to iUuminate the disease 

nected to a memory readable \}y « ynmpn^f^r that cnntainfi site; 

plurality of comparison spectra corresponding to. and able to ^ probe means to conduct the illumination light from the 

distinguish between^ one or morcQLactiaicJceratosis. seb- ^gjjt ^^^^^ ^Jj^ disease site and to coUect the reflected and 
orrheic keratosis, basa l cell carcmoma and compound nevus, 5 fluorescence light and conduct said light to be analyzed; and 

spider angioma, psoriasis and/or squamous cell carcmoma. .11. n . j 1. 1. 

Alsopreferably,thedistalendof theopticalprobecomprises ^P^^f ^ ^°^>y^^ means optically connected to the probe 

at least one of a plurality of light emitting diodes that emit means for generating and displaying spectral measurements 

different wavelengths of excitation Ught and a pluraUty of fluorescence light and the reflectance light to assist the 

Ught filters that transmit different wavelengths of excitation ^s^r m diagnosmg the disease site, 

light to provide a plurality oflight sources, and an on and off In a further aspect, the present invention provides a 

switch to switch the light emitting diodes on and off such method for diagnosis of a skin disease site using spectral 

that the target tissue is illuminated sequentially by one of the analysis comprising the steps of: 

Ught sources at a time. Further preferably, the probes com- illuminating the disease site with a light source to gener- 

prise a computer that controls the on and off switch and the fluorescence and reflectance light at the disease site; 

spectrometer in order to acquire s equentia l spectral mea- n *u . j n ^ a 4 

^ * r * 1 * ca ^ r'"ur — a — — collecting the generated fluorescence and reflectance 

surement$^oLat_lea st^two fjunrps^nv^ l^ght, rff ^ ctance ^ ^ 

iip,ht and R?*"^^" ^a^^^^^^^frr^hirh rP'^p"*^'" ^vr^^fll'Yj* ' 

personal comr '^T HP^ T'^ ^lfometer typ icall y comprises conducting a spectral analysis of the coUected light using 

a Computer mienace card instal lable ir^ an ipi^ff^ce slo^ the spectrometer; 

tScomputeTj, 20 displaying spectral measurements of the fluorescence 

In stilTaanother further aspect, the present invention light and the reflectance light; and 

provides methods for diagnosis of a skin disease using analyzing the measured fluorescence and reflectance 

analysis of Raman scattering at a suspected skin disease site spectra together to make a diagnosis of the disease site, 

compr^ingthestepsof: illuminating thediseasesite>^^ an ^ ^^^^^^^^ embodiment, the apparatus of the present 

infrared or near-infrared light source to generate Raman 25 • • 1 j ; * * / j * 

„ . J- 11 *i. 4 An invention includes a compact spectrometer connected to a 

scaltermg at the disease site; coUecling the generated Raman , ^ „ ^ ^ i - 

scattering; conducting an analysis of the CoUected Raman personal computer a fluorescence excitation light source 

scattering using a spectrometer; determining measurements with a shutter, a white light source with a shutter, a bifiir- 

of the Raman scattering; and. examining the spectral mea- cated fiber bundle, a light coupler, a skm probe, and con- 
surements together to make a diagnosis of the disease site by „ tilling electronics. The system is designed to aulomaticaUy 

comparing the spectral measurements of the suspected skin switch between the fluorescence excitation light and the 

disease site against measurements from a known site. white light sources and complete fluorescence and reflec- 

Preferably, the methods comprise including filtering the lance spectral measurements of a skin disease site sequen- 

collected Raman scattering to filter out the excitation light. ^^ally m a few seconds. The system exploits the spectral 

Also preferably, the methods comprise using a spectrometer differences of different skin diseases to aid in the dermato- 

card mounted in a personal computer is used to conduct a diagnosis. In particular, the apparatus provides a low 

spectral analysis of the generated Raman scattering and costs, compact system that is capable of quickly and effi- 

display spectral measurements. ciently performing combined fluorescence and reflectance 

In preferred embodiments, the step of collecting the spectral analysis, 

generated Raman scattering involves coUecting Raman scat- These and other aspects of the present invention will 

tering from the disease site and the surrounding normal skin. become evident upon reference to the discussion herein and 

Further preferably, the step of examining the Raman scat- the attached drawings. In addition, various references are set 

tering comparing the disease site Raman scattering to the ^oiih herein that describe in more detail certain procedures 

Raman scattering of the surrounding normal skin, which can ot apparatus, etc. (e.g., bioptomes, fluorescence technology, 
include comparing the intensities of the Raman scattering of 45 etc.); aU such references are incorporated herein by refer- 

the disease site and the surrounding normal skin. ence in their entirety. 

In other preferred embodiments, the methods include the BRIEF DESCRIPTION OF THE DRAWINGS 

step of generating a ratio spectrum by dividing the disease ^ ^ .^^^^^.^^ illustrated, merely by 

site Raman scattermg by the Raman scattering of the adja- example/in the accompanying drawings in whichf 

cent normal skm, so J,,^ ^ . . ... . . ... ^ 

T .11 <r 4*1. .u J *• FIG. 1 is a schematic diagram showing an embodiment 01 

In st ill further aspects, the methods ofthe present inven- r .u T- *• 

. -^cr : — . . " ! ^-7—; ^ • the apparatus of the present invention. 

t iZ^oHhelrrniT ia ra^^ FI^2isadetaavLoflightcouplerarrangementof.he 

mclude determin;ng a ' i-b spectru m o f the fluorescence light P«*°' «'^«*'"'°° « ^""'^ ''Sht source and a 

further comprises generating a two-dfmensional contour plot 55 source. 

from the 3-D spectrum to generate a fluorescence excitation- ^ is a detail section view of the probe member 

emission matrix (EM), determining a 3-D spectrum of the accordmg to a preferred embodiment of the present inven- 

fluorescence light further comprises sectioning the 3-D t^®''- 

spectrum at a fixed emission wavelength to generate a 2-D PIG- ^fl to 4h are fluorescence and reflectance spectral 
plot of fluorescence excitation spectrum, generating a ratio 60 measurements of various skin diseases that fllustrate how 

matrix by dividing a 3-D spectrum from a lesion versus a viewing both spectral measurements together assists a user 

3-D spectmm from surrounding normal skin, and/or gener- ^ identifying a particular skin disease, 

a ting a subtractive matrix by subtracting a 3-D spectrum a FIG. 5 is a fluorescence spectrum of a psoriasis lesion, 

lesion from a 3-D spectrum from surrounding normal skin. FIG. 6 is a fluorescence spectrum of a squamous cell 

Accordingly, the apparatus of the present invention pro- 65 carcinoma (SCC). 

vides apparatus for diagnosis of a skin disease site using FIG. 7a shows the fluorescence spectra of normal skin and 

spectral analysis comprising: seborrheic keratosis. 
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FIG. lb shows the fluorescence ratio spectrum of sebor- eases. The apparatus includes a light source 4 and a probe 6 

rheic keratosis equal to the lesion fluorescence spectrum optically connected via optical fiber 7 to light source 4 for 

divided by the normal skin fluorescence spectrum. exposing a skin disease site 8 to light. The light from source 

HGS. 7c and Id show the reflectance spectra and reflec- 4..£encra f e<^ flvorcisrrnrf , r efl ertmpf \ys :^^Umt2L^,m^ 

tance ratio spectrum, respectively, of seborrheic keratosis. 5 spectra, at disease site 8 that is cpUected by probe 6 anj_, 

„ . . ,r J . nran smitted bv optical n oer lu via light niter IZ to a spectral 

FIG. 8fl shows the fluorescence spectra of spider angioma -jigy zerin the form of a spectrometer 14 . Spectrometer 14 

and normal skin. " generates and displays spectral measurement of the fluores- 

FIG. 8/? shows the fluorescence ratio spectrum of spider cence and reflectance light on the monitor 18 of a computer 

angioma equal to the lesion fluorescence spectrum divided 16 for viewing by a user to assist in the diagnosis of the 

by the normal skin fluorescence spectrum. disease site. 

FIG. 8c and %d show the reflectance spectra and reflec- I In a preferred embodiment of the present invention, the 

tance ratio spectrum, respectively, of spider angioma. Ifluorescence, reflectance and/or Raman light is acquired and 

HG, 9 is a schematic diagram depicting an embodiment analyzed sequentiaUy. In order to accomplish this where the 

of the present invention comprising a system for connecting 35 ^etected hght is fluorescence and reflectance hght source 4 

a proxLally-located LED light ^urce to an illumination preferably compris^ a white hght source 20 for reflectance 

measurements as best shown m FIG. 2. Excitation light 

' source 22 can be a Helium Cadmium (442 nm) laser and 

is a schematic diagram depicting another embodi- white light source 20 can be a quartz tungsten halogen lamp, 

menl of the present invention comprising a system for where it is desired to induce a Raman scattering, the 

connecting a proxiraally-located LED light source to an 20 excitation light source will typically comprise an IR or near 

illumination fiber. IR light source. 

FIG. 11 depicts an end view of an array of illumination Turning generally to Raman spectroscopy, it detects the 

fibers disposed around a collection fiber. vibrational signatures of particular molecules inside a 

FIG. 12 is a schematic diagram depicting a side view of selected tissue, thereby providing chemical, structural and 

an array of illumination and collection fibers. 25 other information about the tissue. Mahavedan-Jansen, A 

mi-i 1^ • u *• J' J • *■ u A' ♦ and Richards-Kortum, R,, / Biomed Optics 1(1): 31-70, 

FIG. 13 IS a schematic diagram depictmg an embodiment ^ 5 5,261,410, Raman spectroscopy of the 

of the present invention composing a system for inducing ^^^^ ^ .^^^^^ ^^^^^^^^^ conditions, 

fluorescence wherein an LED is disposed at the distal end of ^^^^ ^ ^^^^ discussed herein. The wavelength bands used 

the apparatus. ^^j. determination of Raman spectra are specific to the 

FIG. 14 is a schematic diagram depicting another embodi- molecules in a given tissue and provide direct information 

ment of the present invention comprising an illumination a^out such tissue comprising such molecules. In a preferred 

apparatus wherein an LED is disposed at the distal end of the embodiment, similar to the gathering and comparison of 

apparatus. fluorescence and reflectance spectra, a computer- 

FIG. 15 depicts an end view of an array of illumination 35 implemented program makes use of the peak position(s) of 

LEDs disposed around a collection fiber. the Raman spectrum, the relative intensities of diff"erent 

FIG. 16 is a schematic diagram depicting a side view of peaks to identify specific molecules and their relative con- 

an array as set forth in FIG. 15. centrations relative to different tissue states in order to 

FIG. 17 is a schematic diagram showing an embodiment identify and distinguish one disease state from another, 

of the apparatus of the present invention that is similar to the 40 In a preferred embodiment, a near NIR diode laser (e.g., 

apparatus set forth in FIG. 1 except that the proximally X=785 nm, 830 nm) is used for the excitation illumination, 

located light source has been removed. At least one excitation or illunmination light guide, such as 

FIG. 18 is a schematic diagram showing an embodiment an optical fiber, conducts the illumination light through the 

of the apparatus of the present invention that is simflar to the probe to the target tissue. Alternatively, the light source can 

apparatus set forth in FIG. 1 wherein that the proximally 45 be disposed at the distal end of the probe. At least one 

located light source is a tunable light source. collection light guide then picks up the scattered light caused 

HG. 19 depicts a 3-D autofluorescence spectrum from a ^y the illumination light (which light includes Raman 

normal skin site. shifted photons) and then transmits the collected light to an 

analyzer such as a spectrometer-CCD system for spectral 

DETAILED DESCRIPTION OF THE analysis. Preferably, two filters are located at the tip of each 

INVENTION Qf iijg illumination light guide and the collection light guide. 

The present invention provides methods and apparatus A band pass filter is disposed at or near the distal tip of the 

relating to the induction and analysis of optical responses, illumination light guide (or otherwise between the light 

such as fluorescence, reflectance, and Raman scattering, in source and the target), which filter eliminates any Raman 

skin in order to evaluate and diagnose diseases. The present 55 signals generated by the illumination fiber and transmits 

invention provides simple and easy to use methods and only the excitation light to the target tissue. A long pass filter 

apparatus for the diagnosis of such diseases, and is superior is preferably disposed at or near the tip of the collection fiber 

to visual examination of such disease using only white (or and blocks elastically scattered laser light, and passes only 

room) li'cht, j.lthnMBh thn prt^Sf nL-*wfeari nn is prefe iabW the Raman shifted scattered light. In a preferred 
used in _comhi qation -with such vifiual pyami nation using_ 6Q embodiment, the collected light is then transmitted to a high 

white_ Jjg^. In addition, the present invention provides resolution grating which is used to disperse the Raman 

detaiisabout distinguishing features that are found in a scattered light, and then a detector such as a back-thinned 

variety of skin diseases, including actinic keratosis, basal CCD array is used to acquire a spectral curve. A computer, 

cell carcinoma, seborrheic keratosis, compound nevus, spi- preferably a PC computer, is then used for process control 

der angioma, psoriasis and squamous cell carcinoma. 65 and spectral data analysis. 

Referring to FIG. 1, there is a schematic view of the '^The two light sources 20 and 22 are joined together by an 

apparams of the present invention for diagnosing skin dis- optical coupler 24 that allows light from either source to be 
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transmitted via the same optical fiber bundle 7. Optical fiber that is transmitting light from red LED, G indicates an 

coupler 24 comprises a sealed enclosure 26 housing an illumination fiber that is transmitting light from green LED, 

angled reflecting surface or mirror 28 having a small aper- B indicates an illumination fiber that is transmitting light 

ture 29. A laser light port 30 is formed in enclosure 26 to from blue LED, and B^, B^, B3 indicates three illumination 

admit laser light from laser light source 22. Port 30 is aligned 5 fibers that are transmitting light from filtered blue LEDs. 

with aperture 29 to permit passage of laser light directly The central fiber is the pick-up or collection fiber, 

through mirror 28 to a light exit port 32 which is oonnectable FIG. 12 is a schematic diagram showing that the illumi- 

to optical fiber bundle 7 and probe unit 6. A white light port nation fibers 78 can be slightly tilted toward each other as 

34 is formed in enclosure 26 and positioned with respect to they near the distal end 52 so that light emitted from the 

mirror 28 such that white light is reflected through an angle fibers will be co-centered at a desired point of the potential 

to be incident upon light exit port 32. White light port 34 is skin disease site 8. This arrangement assists each illumina- 

optically connectable to white light source 20 via a short tion fiber 78 to launch its light onto the same area as much 

length of optical fiber 36. Lenses 38 and 40 are also provided as possible. This can be particularly helpful in systems 

within enclosure 26 to collimate white light from port 34 where each illumination fiber carries light having different 

onto the mirror surface and to focus reflected light from the wavelengths. FIG, I shows an arrangement suitable for use 

mirror onto light exit port 32. with the modified spectrometer system shown in FIGS. 

Associated with each light source are shutter systems 41 9-12, except that the light source would be an LED light 

and 42 to permit switching between excitation laser hght source. The switching between the LED illumination for 

source 22 and white Hght source 20, respectively, such that fluorescence excitation, reflectance measurement and/or 

the disease site is illuminated sequentially by only one of the 20 Raman response induction or measurement can be effected 

light sources at a time. Shutter systems 41 and 42 are by turning the power on or off with respect to the various 

preferably electronic and controlled by computer 16 (FIG. LEDs. 

1). Computer 16 is programmed to close shutter 41 while TUraing to another embodiment, FIG. 13 is a schematic 

shutter 42 is open to obtain reflectance light measurement of diagram showing a system wherein the light is emitted by a 

the disease site and vice versa to obtain fluorescence light 25 distally-located blue LED 70, which light is coUimated by a 

measurements. coUimating microlens 71 and then filtered by a short pass 

In an alternative embodiment, the light source is one or filter 72 to transmit the illumination to the sldn for fluores- 

more LEDs, which means a hght emitting diode, including cence excitation. FIG. 14 is a schematic diagram showing 

a laser-light emitting diode (laser diode) or a non-laser-hght light from a distally-located LED that can be other than a 

emitting diode. Using LEDs as light source(s) provides the 30 blue LED, and thus lacking short pass filter 72 which could 

ability to use alternative structures for the optical probe as be incompatible with the light emitted by a given LED (of 

well as alternative connections of the probe to the PC course, other filters, such as long pass filters or band pass 

computer. It can also significantly reduce the cost of the filters, can be placed in the position of short pass filter 72 if 

system and can make the system more portable and more desired). Multiple LEDs can be used in order to increase the 

convenient to use. There are two preferred embodiments to 35 illumination power and/or provide multiple wavelengths of 

use the LEDs as a light source: 1) coupling the LEDs to one illumination light. Thus, a blue LED, a green LED, and a red 

or more optical fibers where the LEDs are disposed at a LED can be used to provide full spectral illumination for 

proximal end of the fiber(s), preferably where the probe has reflectance measurements or other desired measurements, 

six fibers for illumination and one fiber for collection or such as Raman responses. 

pick-up; and, 2) placing the LEDs into the probe head (i.e., 40 FIG. 15 shows an arrangement of the LEDs relative to the 

the distal end of the probe), thereby eliminating any ilium i- collection fiber that is similar to the arrangement set forth in 

nation fibers but keeping the collection fiber, FIG. 11, except that the LEDs are located at the distal end 

FIG. 9 is a schematic diagram showing the coupling and of the probe. FIG. 16 is a schematic diagram showing an 

fihering of a blue light LED to an illumination fiber for LED assembly wherein the LEDs 70 are slightly tilted 

fluorescence excitation. In particular, blue LED 70 emits 45 toward each other and a collection fiber 80 at the distal end 

light peaked at 450 nm. The hght is transmitted through a 52 of an optical probe 6 and co-centered at a central point of 

colHmating lens or microlens 71, short pass filter 72 (which a potential skin disease site 8. This arrangement enhances 

only passes light with wavelengths below 450 nm), and then the ability of the LEDs to illuminate the same area of 

focusing lens 73. Resister 74 is used to set the proper potential skin disease site 8. FIG. 17 is a schematic diagram 

working current for the LED. 5V power supply 76 can be 50 showing a system that is similar to that set forth in FIG. 1, 

from a PC computer or a battery power source or other except that light source 4 has been eliminated because the 

source. FIG. 10 depicts a schematic diagram that is similar LEDs are disposed at the distal end of probe 6. 

to FIG. 9 and that is useful for a variety of LEDs. Thus, the FIG. 3 is a detailed view of a probe unit 6 used to 

diagram in FIG. 10 is lacking short pass filter 72, which filter illuminate disea fifiLsiteAwttb-Ughlir om the light s ources and 

could be incompatible with the light emitted by certain 55 c ollect fluorescence, reflectance or^henight trom'the site 

LEDs (of course, other fillers, such as long pass filters or to^transmit to spectrometer 14. Probe unit 6 comprises a 

band pass filters, can be placed in the position of short pass |enerally cyhndncai member 50 that houses combined 

fiher 72 if desired). Multiple LEDs can be coupled to / optical fiber bundles 7 and 10 that extend to a distal end 52 

multiple fibers in this manner in order to increase the / of the cylindrical member. An opaque sleeve member 55 is 

illumination power and/or provide multiple wavelengths of 60 telescopically mounted on cylindrical member 50 for slid- 
illumination light. For example, a blue LED, a green LED, / 



able movement. The overlap of sleeve member 55 with 
distal end 52 of cylindrical member 50 defines a chamber 56 
^ that is positionable over skin disease site 8 of interest. Fiber 



and a red LED can be coupled to three fibers to provide full 
spectral illumination for reflectance measurements or other 

desired measurements, such as Raman responses. \ bundle 7 communicates with chamber 56 to transmit illu- 

FIG. 11 is a schematic diagram showing an end view of 65 mination hght into the chamber and fiber bundle 10 com- 

one arrangement for illumination and collection fibers at the municates with the chamber to transmit fluorescence, reflec- 

distal end of the optical probe. R indicates an illumination tance or other hght from the chamber to the spectrometer 14. 



06/22/2004, EAST Version: 1.4.1 



6,069,689 



11 



12 



Slidable movement of sleeve member 55 with respect to 
cylindrical member 50 adjusts the length of chamber 56 and 
hence the distance between the fiber bundles at distal end 52 
to vary the size of the illumination spot at disease site 8. By 
adjusting the length of chamber 56, different sizes and areas 
of disease sites can be examined and diagnosed. 

Free end 62 of sleeve member 56 is preferably cut at a 45 
degree angle to the longitudinal axis of the sleeve. This 
avoids the collection of specular reflected light from the skin 
surface. In addition, sleeve member 55 is preferably formed 
with a window 58 to allow observation inside the chamber 
when positioned over a disease site to ensure proper posi- 
tioning. There is a slidable cover 60 to seal the window when 
the apparatus is in use. The design of probe unit 6 is such that 



10 



fluorescence spectrum for the particular skin disease, it is 
possible to differentiate between seborrheic keratosis (FIG. 
4e) with a fluorescence intensity higher than normal skin and 
compound nevus (FIG. 4g) with fluorescence intensity much 
lower than normal skin. In a similar manner ^ it is possible to 
use fluorescence spectra to differentiate between actinic 
keratosis (FIG. 4<a) v/ith a'ttuor^St^tl&mt^n^lTSrnigner thdn 
normal skin and basal cell carcinoma (FIG. 4c) having a 
fluorescence intensity lower than normal skin. 

It is impprtant to note that he apparatus and method of the 
present invention rely on using both reflectance and fluo- 
rescence spectral measurements in combination to assist in 
^di^gn^j^is. I g^generaL comparing only one typt uf spLtiraT" 



measurements results in difiSculties in distinguishing 
the apparatus of the present invention can be used in a 15 between certain skin diseases. F or example, using omy^ 
normally lighted room since no ambient light is able to enter fluorescence spectra tor each skin disease n'^Vft it 
chamber 56 and interfere with spectral measurement when t o distinf^iish helween actinic keratosis (FIG. 4fl) and seb- 
chamber 56 is positioned over a disease site and cover 60 is orrheic keratosis (FIG. 4e) or between ^asal ceU carcinoma 
closed over window 58. (FIG. 4c) and compound nevus (FIG. 4g) as each of these 

The smaU cross-sectional area of sleeve member 55 is aU particular pairs of skin diseases have similar fluorescence 



25 



30 



35 



40 



that actually contacts the skin at disease site 8 in order to 
minimize the pressure on the disease site. Any excessive 
pressure on the skin at the disease site will affect the blood 
content in the skin tissue at the disease site which will affect 
the resulting spectral measurements. 

Light collected from the sample site, which can be, for 
example, fluorescence light, reflectance light or Raman 
scattering, is transmitted via optical fiber 10 to spectrometer 
14. When it is desired to collect fluorescence light or Raman 
scattering, shutter 41 is open to transmit excitation laser light 
to the disease site, filter 12 is used to pass fluorescence light 
or Raman scattering to the spectrometer and block any 
reflected excitation light. For example, if a He-Cd laser is 
used to generate an excitation light of 442 nm wavelength, 
a 470 nm long pass filter 12 will pass fluorescence light with 
wavelengths larger than 470 nm but will block reflected 
excitation light. 

Preferably, spectrometer 14 is a computer interface card 
instaUable in an interface slot of computer 16 which is 
preferably a standard personal computer (PC) having an I/O 
bus appropriate to receive the interface card. Such a PC 
based plug-in spectrometer is available from Ocean Optics, 
Inc. (Dunedin, Fla.) under the name Model PC 1000. The 
plug-in spectrometer is adapted to connect to optic fiber 10 
and includes a miniature monochromator, a CCD linear 
array detector, and all data acquisition and controlling 
electronics on the interface card. A spectrometer version for 
laptop computers using a PCMCIA port may also be used. 

As previously described, computer 16 controls shutter 
systems 41 and 42. The computer can also control the LEDs 
by turning them on or off Computer 16 also controls 
spectrometer 14 in order to acquire spectral measurements 
of the fluorescence, reflectance or other light from the 
disease site. In prototype testing, the necessary spectral 
measurements of fluorescence and reflectance light were 
accomplished in a few seconds. 

FIGS. 4a to 4h illustrate typical fluorescence and reflec- 
tance spectra of particular skin diseases acquired using the 
apparatus and methods of the present invention. Usyig. 
reflectance spectra alone vknql in spection of whitdTight 
illumination, it ?,i\n hf difiinilt riiff^r^ntiflf^ hft'"'"^n 
various skin co nditions such as seborrheic keratos is (FIG. 
4/) and ujmpuuud nevus (FIG. 4/i), or between actinic 



spectra. The fact that the above pairs of skin diseases have 
different reflectance spectra allow them to be distinguished 
clearly from each other. 

TABLE 1 

Distinguishing between skin conditions by considering 
ftuorescence and reflectance spectral characteristics 

Fluorescence 



[igher 
al 






SB a 


Actinic Keratosis ! 


Seborrheic Kertatosis 


II 






Intel 
than 












Intensity Low 
than Normal 


Basal Cell Carcinoma | 


Compound Nfevus 




Reflectance Curve | 


Reflectance Curve 




Slope Similar to Normal • 


Slope Larger than Normal 



Reflectance 



50 



55 



60 



More sample spectra are shown in FIGS. 5-4{. FIG. 5 is 
the fluorescence spectrum of a psoriasis lesion, showing a 
unique spectral peak at around 635 nm that allows psoriasis 
to be differentiated from other skin lesions. FIG. 6 shows 
fluorescence spectra of a squanious cell carcinoma (SCC). 
The fluorescence intensity across a SCC lesion is not uni- 
formly distributed. As shown, in some places within the 
lesion the fluorescence intensity is higher than normal skin, 
while in other locations the fluorescence intensity is lower 
than normal. This feature for SCC lesions is different from 
that of basal ceil carcinomas (BCC), where the fluorescence 
intensity is uniformly lower than found in surrounding 
normal skin. 

It is important to compare lesional spectra to the spectra 
of the surrounding normal skin in order to assess the spectral 
features of diseased skin. This comparison compensates for 
the regional variations in skin optical properties and spectral 
features. It also adjusts for intersubject variability. 



To further standardize the method of the present 
keratosis (FIG. 4b) and basal cell carcinoma (FIG. 4d) since 65 invention, we have developed a ratio technique to aid spectra 
each pair of skin diseases have similar reflectance spectra. interpretation. I n the ratio analysis technique. Ip si qnal spec - 
However, when a user also considers the corresponding tra (reflectance or fluo^<*«rftnrft) arp ftiviHpH Ky fpri-^-- 
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p ppnding spectra of the surro imHin g nnrm fl.1, RVin , Tn ^th^<; mum peaks at the excitation-emission wavelengths (i.e., 380 

way. T he relative spectral intensity changes are quantified , nm, 470 nm). This type of 3-D spectrum shows different 

anH the"^^r«l ^hape changes am ftnhannftrt anH nmnrp. fjtflyaily spcctial characteristics for different skin diseases including 

visua hzed on the spectral curves. skin cancer, and therefore aids the Hermatnlnfry Hiapnosis. 

FIG. 7 shows the original spectra and the ratio spectra of 5 Two preferred methods of analyzing the 3-0 da^^^^^^ 

. . . , , . n ,u • 1 fl making a two-dimensional contour plot of FIG. 19 to 

a seborrheic keratosis. FIG. la is the original fluorescence ^^^^^^ ^ fluorescence excitation-emission matrix 

spectra, the lesion has higher fluorescence intensity than the (^^j^) ^^^^ p) sectioning the 3-0 graph at a fixed 

normal, but the shape of the two curves are visually about ^^^^-^^ wavelength to generate a 2-D plot called a fluo- 

the same. HG. lb is the fluorescence ratio spectrum which rescence excitation spectrum. From the excitation spectrum, 

equals the lesion fluorescence spectrum divided by the lo ^.^n observe the absorption properties of specific fluo- 

normal fluorescence spectrum. The absolute value of the rophores. In addition, the spectra can be analyzed using a 

ratio spectrum is larger than 1, indicating that the lesion has 3.0 fluorescence matrix wherein derivatives of the "raw" 

higher fluorescence intensity than the normal and it indicat- 3.D matrix are generated. Examples of such derivatives 

ing quantitatively bow many times higher the lesion signal include "ratio" matrices generated by dividing a spectrum 

is than the normal at each wavelengths. Interestingly, a from a lesion versus a spectrum from (preferably 

valley around 510 nm is shown on the ratio spectrum curve, surrounding) normal skin, and "subtractive" matrices gen- 

which valky is unique to seborrheic keratosis and cannot be erated by subtracting a spectrum a lesion from a spectmm 

discerned by only looking at the original spectra shown in from (preferably surrounding) normal skin. 

FIG. la. Therefore, using the ratio technique, new spectral Although the present invention has been described in 

features have been revealed from the original spectra and 20 some detail by way of example for purposes of clarity and 

new diagnostic information has been obtained. understanding, it will be apparent that certain changes and 

HG. 7c is the reflectance spectra of the same seborrheic "^edifications may be practiced within the scope of the 

keratosis lesion and its surrounding normal skin. FIG. Id is ^''^f ° ^ . ^ . . 

the reflectance ratio spectrum which equals the lesion reflec- ^ ^ , , l'^, .-j .1. cn 

tance spectrum divided by the normal reflectaace spectrum. ^ ^- ^ "P'^^"' P",""^ "^'l* ,'° J"'*"? ""^ °^ 

The reflectance ratio spectrum of seborrheic keratosis shows '^^^^ reflectance hght and Raman scattenng m 

lower values at short wavelengths and higher values at vivo m a target tissue the optical probe composing a 

longer wavelengths and is a quantitative representation of P«"'""*j " 'f ^' ^f"' t"''"^ 

the slope changes described in Table 1. f.-^P"^ ^' '^e distal end of the optical probe and opera- 

™^ « . f « ^ . 30 tively connected to a power source able to provide power to 

FIG. Ha IS the fluorescence spectra of a spider angioma ^ ^^.^^ . ^ .^^^ ^^^^ ^^^^ ^ ^^^^ 

and Its surroundmg normal skm. The le^on h^ lower excitation Hght able to induce at least one of fluores- 

fluorescence mtensity than normal skm FIG. 8^ is the ^^^^ ^^^^ reflectance Hght and Raman scattering in the 

fluorescence ratio spectrum of the saine lesioa TTie ratios ^^^^^^ j^^^^ collection fiber that transmits 

with values less than 1 mdicale that the lesional fluorescence 3^ j.^^ ^^^^j .^^ ^^^^ ^^^^^1 

mtensity is lower than its surrounding normal skin while the -^^^ ^^^^^ ^^^^^ .^^1 ^^^^ 

numerical ratio values quantify this difference as a function ^^mprising at least one of a plurahty of light emitting diodes 

of wavelength. FIG. 8c shows the reflectance spectra of the ^^^^ ^^.^ ^^^^^^^ wavelengths of excitation hght and a 

same spider angioma, and FIG, 8^ the reflectance ratio j^^^j- ^j^^^^ ^^^^ ^^^^^.^ ^.^^^^^^ wavelengths of 

spectrum. The reflectance ratio spectra of spider angiomas excitation light to provide a plurality of light sources, and an 

hsrve a unique "saw-tooth shape with a minimum at around ^^-^^^ ^^^^ ^ ^^^^^ ^^^^ 

600 nm. This unique spectral feature can be used to differ- ^^^^ ^^^^ ^^^^ ^ illuminated sequentially by 

entiate spider angioma from other skin lesions. ^^^^ ^^^^^ ^ 

In another embodiment, autofluorescence spectra col- 2. An optical probe as claimed in claim 1 in which the 

lected at many different excitation wavelengths can be used 45 collection fiber is operatively connected to a spectrometer 

to build a 3-D spectral diagram. In this diagram, the X-axis ^ble to analyze the spectra transmitted by the collection 

is the excitation wavelength, the Y-axis is the emission f^^^^^ ^hich spectrometer is operatively connected to a 

wavelength, and the Z-axis is the fluorescence intensity. 3-D memory readable by a computer that contains a plurality of 

spectra provide more information than a single spectral comparison spectra corresponding to, and able to distinguish 

curve obtained with a single excitation wavelength. The 50 between, each of actinic keratosis, seborrheic keratosis, 

specific patterns of 3-D spectra permit accurate diagnosis of ^asal cell carcinoma and compound nevus, 

sldn diseases. 3 ^ optical probe as claimed in claim 2 further com- 

FIG. 18 is a schematic diagram showing a spectrometer prising a computer that controls the on and off switch and the 

system for such 3-D measurements. It is similar to the spectrometer in order to acquire sequential spectral mea- 

system set forth in FIG. 1 except that a tunable light source 55 surements of at least two of fluorescence light, reflectance 

4a is used to provide different excitation wavelengths for light and Raman scattering. 

fluorescence excitation (or other desired response such as 4. An optical probe as claimed in claim 3 in which the 

reflectance or Raman scattering), and the long pass filter in computer comprises a personal computer and the spectrom- 

the in-Hne filter holder is replaced with a filter wheel 82 eter comprises a computer interface card installable in an 

holding muhiple, different long pass filters (or other filters go interface slot of the computer. 

for non- fluorescent uses). When the excitation wavelength 5. An optical probe as claimed in claim 4 in which the 

changes, the wheel switches to different long pass filters. spectrometer computer interface card includes a miniature 

The tunable light source 4a can be, for example, a Xenon arc monochromator, a CCD Unear array detector, and data 

lamp-monochromator combination, a nitrogen dye laser acquisition and controlling circuitry, 

system, or an OPO (optical parameter oscillator). 55 6. An optical probe as claimed in claim 1 in which the 

FIG. 19 shows an example of a 3-D autofluorescence collection light guide comprises a light filter selected to pass 

spectrum obtained from a normal skin site. There are maxi- fluorescence light and block reflected excitation light. 
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7. An optical probe as claimed in claim 1 in which the 
optical probe is optically connected to the spectrometer by 
optical fiber bundles. 

8. An optical probe as claimed in claim 1 in which the 
optical probe comprises an elongate member having an open 
end defining a chamber with opaque walls that is position- 
able over the disease site to exclude external light from the 
chamber, the chamber containing therein the at least one 
light emitting diode. 

9. An optical probe as claimed in claim 8 in which the 
elongate member comprises: 

a generally cylindrical member housing the optical fiber 
bundles that extend to a distal end of the cylindrical 
member; and 

a sleeve member that telescopes over the generally cylin- 
drical housing, the overlap of the sleeve member with 
the distal end of the cylindrical member defining the 
chamber wherein slidable movement of the sleeve 
member with respect to the cylindrical member adjusts 
the length of the chamber to vary the size of the 
illumination spot at the disease site. 

10. An optical probe as claimed in claim 9 in which the 
sleeve member is formed with a window for viewing inside 
the chamber to ensure proper positioning of the chamber 
over the disease site and a slidable cover to seal the window 
when the apparatus is in use. 

11. An optical probe as claimed in claim 1 in which the 
free end of the sleeve member is cut at substantially 45 
degrees to the longitudinal axis of the sleeve to avoid 
specular reflection. 

12. A method for diagnosis of a disease selected &om the 
group consisting of actinic keratosis, seborrheic keratosis, 
basal cell carcinoma, compound nevus and spider angioma 
at a skin disease site using spectral analysis comprising the 
steps of: 

illuminating the disease site with a light source to gener- 
ate fluorescence and reflectance light at the disease site; 

collecting the generated fluorescence light; 

conducting a spectral analysis of the coUected light using 
a spectrometer; 
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determining spectral measurements of the fluorescence 
light and therefrom determining a 3-D spectrum of the 
fluorescence light; and 

examining the spectral measurements to make a diagnosis 
s of the disease site. 

13. A method as claimed in claim 12 including filtering 
the collected fluorescence light to filter out the excitation 
light. 

14. A method as claimed in claim 12 in which a spec- 
trometer card mounted in a personal computer is used to 
conduct a spectral analysis of the generated fluorescence and 
reflected light and display spectral measurements. 

15. A method as claimed in claim 12 in which the step of 
collecting the generated fluorescence light involves collect- 
ing light from the disease site and the surrounding normal 

^5 skin. 

16. A method as claimed in claim 15 in which the step of 
examining the spectral measurements involves comparing 
the disease site spectrum to the spectrum of the surrounding 
normal skin. 

20 17. A method as claimed in claim 16 including the step of 
generating a ratio spectrum by dividing the disease site 
spectrum by the spectrum of the adjacent normal skin. 

18. A method as claimed in claim 12 in which the step of 
determining a 3-D spectrum of the fluorescence light further 

25 comprises generating a two-dimensional contour plot from 
the 3-D spectnmi to generate a fluorescence excitation- 
emission matrix (EEM). 

19. A method as claimed in claim 12 in which the step of 
determining a 3-D spectrum of the fluorescence light further 
comprises sectioning the 3-D spectrum at a fixed emission 
wavelength to generate a 2-D plot of fluorescence excitation 
spectrum. 

20. A method as claimed in claim 12 in which the method 
further comprises generating a ratio matrix by dividing a 
3-D spectrum from a lesion versus a 3-D spectrum from 
surrounding normal skin. 

21. A method as claimed in claim 12 in which the method 
further comprises generating a subtractive matrix by sub- 
tracting a 3-D spectrum a lesion from a 3-D spectrum from 
surrounding normal skin. 

40 
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